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This invention relates to off-soluble copoly- 
mers and to compositions which consist essen- 
tially of a solution of one or more of these copoly- 
mers in a hydrocarbon liquid having a waxy 
pour point. 
The copolymers here claimed are formed from 
(A) an ester of allyl or methallyl alcohol and 
a saturated aliphatic monocarboxy]ic acid 
having a chain of sixteen fo twenty-four carbon 
atoms and (B) an ester of a saturated aliphatic 
monohydric alcohol of three to fourteen car- 
bon atoms and mleic, chloromaleic, fumaric, 
citraconic, or mesaconic acid, the mole ratio of 
ester A to ester B being from 1:0.25 to 1:7L 7 
having a value from one to two, increasing with 
the size of the alcohol residue in ester B. Thus, 
7 has a value of one for dipropyl esters and in- 
creases progressively to a value of two for the 
dodecyl esters or the myristyl esters. 
Offs have been modified in various respects by 
the addition thereto of resinous materials. For 
example, resins have been added to oils to im- 
prove their body, to improve their temperature- 
viscosity behavior and/or to change the pour 
point. Some off-soluble polymers raise the pour 
point; others lower the pour point; and some 
have no effect on this property. The influence 
of additives on the pour point of wax-contain- 
ing hydrocarbons has hot been predictable. 
We bave observed that polymers of allyl stea- 
rate, allyl palmitate, methallyl laurate, allyl octo- 
are, and allyl isononoate, as speciflc polymers, do 
hot depress the pour point of typical wax-con- 
taining oils and other hydrocarbons. We have 
f6und that dipropyl maleate, dibutyl maleate, di- 
butyl fumarate, dibutyl chloromaleate, dibuty! 
citraconate, and diamyl maleate are hot off-solu- 
ble, while dioctyl maleate, didecyl maleate, dihex- 
adecyl maleate, distearyl maleate, dffauryl citra- 
conate, distearyl citraconate, distearyl fumarate, 
distearyl mesoconate, disteryl chloromaleate, 
dipentadecyl maleate, and dihydr0abietyl male- 
are give off-soluble polymers which rail fo de- 
press the pour points of typical wax-containing 
oils. Ai the sme rime, we bave prepared 
some esters of maleic or fumaric acid which were 
capable of depressing to some extent the pour 
point of waxy hydrocarbon liquids. Thus, we 
have noted that some preparations of dido- 
decyl fumarate, didodecyl maleate, and dimy- 
rist-yl fumarate were capable of depressing the 
pour points of selected oils. This effect appar- 
ently depends upon hOt only these few partic- 
ular compositions, but also the particular poly- 
mers formed and upon the nature of the off 
in which these polymers are placed, 
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Yet we have round that highly effective and 
generally useful copolymers can be prepared 
from allyl esters of higher fatty acids and 
maleic esters of an extended choice of mono- 
5 hydric alcohols. These new copolymers can be 
prepared in a wide range of molecular sizes and 
still exhibit their pour-depressing action. They 
are effective over a wide range of concentration 
and in a great variety of offs and other wax- 
l0 containing hydrocarbons. 
The copolymers from allyl estêrs of higher 
fatty acids and the specified maleic type esters 
in the deflned proportions are surprisingly dif- 
ferent from comparable copolymers from maleic 
1 esters with large alcohol residues and allyl esters 
of lower fatty acids. The former copo]ymers 
are more effective than the latter in depressing 
pour points and in being effective in a wide 
riety of hydrocarbon liquids. While there are 
20 some copolymers of the latter type, such as 
copolymers of dioctadecyl maleate and allyl lau- 
rate in mole ratios of 1:3 to 1:12, which act in 
paraffinic offs to lowe the pour point, they are 
 generaffy less effective for a given percentage or 
25 but s!ightiy effective at comparable economic 
levels. Furthermore, the latter type of copol- 
ymer does hot permit much choice of materials 
with variations in proportions to adapt them to 
meet varying requirements. 
0 The affyl esters to be here used are prepared 
by conventional methods. Thus, allyl alcohol 
or methallyl alcohol and a monocarboxylic acid, 
as defined, may be heated together in the pres- 
ence of an esterification catalyst and a solvent 
 which prorrotes removal of water by azeotropic 
distillation. Where available, acid anhydrides 
may be used in place of acids or the reaction 
may be accomplished with acid halides. Inter- 
change reactions are useful for preparing 
40 allylic esters, particularly those from methallyl 
alcohol. 
The allyl and methallyl groups appear quite 
interchangeable in the copolymers of this inven- 
tion. In some cases, the methallyl group may 
5 impart somewhat greater off solubility,  
As an allylic ester there is used a compound 
of the formula 
CH«---C (i i) CHOCOI% 
o wherein PX is a methyl group or hydrogen and 
is an alkyl group having a chain of fifteên to 
twenty-three .carbon atoms. Typical of these es- 
ters are allyl palmitate, allyl margarate, allyl ste- 
rate, allyl tricosanate, allyl tetracosanate, meth- 
5 allyl palmitate, methallyl stearate, and meth- 
allyl tetracosanate. While an ester of a single, 
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pure, long-chained fatty acid may be used, esters 
of mixed higher fatty acids arê likewise useful. 
Thus fa.tty acid mixtures of commerce are use- 
ful for preparing the allyl esters. 
The maleic type esters have the general for- 5 
mula 
l%00CCH--C (p0) COOl% 
where t 0 represents hydrogen, the methyl group, 
or chlorine and 1% represents an alkyl group of 
three to fourteen carbon atoms. This formula 
covers maleic, fumaric, citraconic, mesaconic, and 
chloromaleic esters. TypicaI groups for 1% in- 
clude propyl, butyl, amyl, hexyl, heptyI, octyl, 
decyl, dodecyl, and tetradecyl groups. They may 
be straight or branched. The two t groups may 
be the saine or different. This mixture of alco- 
hols may be used in forming the esters. Simi- 
larly, mixtures of esters may be used as well as 
single pure esters. 
The maleic type esters are prepared by known 
reactions, such as reaction of alcohol and acid, 
acid anhydride, or acid chloride. Thus, about 
two molecular proportions of a saturated 
phatic monohydric alcohol of three to fourteen 
carbon atoms and one molecular proportion of 
maleic-type acid are heated together in the pres- 
ence of an acidic condensing agent, such as sul- 
f.uric acîd. The water of esteriflcation may be 
removed with the aid of a solvent, such as ben- 
zene, toluene, xylene, or a naphtha. Where an- 
hydrides are avaflable, hall esters are readily 
formed by direct reaction with an alcohol and 
the esteriflcation may be completed by normal 
esteriflcation procedures. 
The preparation of a typical diester of the 
above type will be given fo illustrate a suitable 
procedure. There were charged,to a reaction res- 
sel equipped with stirrer, reflux column, con- 
denser, and water separator 245 parts by weight 
of maleic anhydride, 930 parts of a commercial 
dodecyl alcohol, 2.5 parts of sulfuric acid, and 
500 parts of benzene. This mixture was heated 
fo reflux temperatures and water was separated 
from the azeotrope. After 6.5 hours of heating 
,the batch temperature was carried to 106 ° C. 
The cooled reaction mixture was washed with a 
10% sodium carbonate solution and allowed fo 
form layers, which were separated. The organic 
la.yer was divided into two portions. One was 
stripped by heating to 140 ° C. under 30 mm. 
pressure. ït yielded 504 parts by weight of di- 
dodecyl maleate, which by analysis proved fo be 
96.7% pure. The other pot.tion was subjected 
fo fractional distillation at Iow pressure. The 
fraction obtained at 232°-245 ° C./1.6 mm. was 
round to be almost 99% pure didodecyl maleate. 
In general the esters having hot over twelve 
carbon atoms in each alcohol residue can be dis- 
tilled. With longer alkyl groups and advanta- 
geously with C10 fo C esters, the ester is sat- 
isfactorfly obtained as a washed and stripped 
residue. These considerations hold for maleates, 
fumarates, chloromaleates, citraconates, or mesa- 
conates. 
The saine sort of procedure utilizing azeotropic 
distillation is applied to preparation of esters 
of chloromaleic acid, fzunaric acid, and citra- 
conic acid. 
For the preparation of copolymers from an 
allylic ester of a higher fatty acid and a maleic- 
type ester at least one allylic ester and ai least 
one maleic-type ester are mixed within the pro- 
portions stated above. The mixture may be dis- 
solved in an inert organic solvent, such as ben- 
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zene, toluene, xylene, or naphtha, or solvent may 
be added during copolymerization. An organic 
peroxide is added fo serve as catalyst. The cata- 
lyzed mixture is heated at ï0 ° to 150 ° C. When 
the copolymer has been carried .fo a desired 
polymer size, heating is discontinued. The sol- 
vent may be displaced with a mineral off by heat- 
ing the copolymer solution as prepared with such 
off under reduced pressure. In this way concen- 
trates of copolymer in off are prepared which can 
be added directly fo other hydrocarbon liquids. 
Useful catalysts include acetyl peroxide, butyryl 
peroxide, caproyl peroxide, lauroyl peroxide, di- 
benzoyl peroxide, di-tert.-butyl diperphthalate, 
tert.-butyl perbenzoate, 2,2-bis(tert.-butylper- 
oxy)butane, methyl ethyl ketone peroxide, di- 
tert.-butyl peroxide, and tert.-butyl hyda'operox- 
ide. One or more of such catalysts may be used 
in amourts of 2% fo 15% or more of the weight 
of esters fo be copolymerized. Increments of 
catalyst are added fo the copolymerizing system 
from time to rime. Copolymerization is usua]ly 
ïost started with a low concentration of per- 
oxide, such as 2% fo 5%. Added amounts of 
peroxide promote copolymerization within a rea- 
sortable rime in good yields. 
Use of an inert atmosphere is desirable. This 
may be obtained by flushing the reaction vessel 
with an inert gas, such as nitrogen, or by use 
of a readily vo]atflized inert organic solvent. 
Some typical procedures for preparing the nove] 
and useful copolymers of this invention are pre- 
sented in the following illustrative examples: 
Ezmpe 1 
A reaction vessel was charged with a mixture of 
94 parts by weight of allyl tetracosanate, 156 parts 
of didodecyl fumarate, and 12 parts of benzoy] 
peroxide. The vessel was swept out with a stream 
of nitrogen. The mixture was stirred and heated 
at 100°-116 ° C. for eight hours. During this rime 
additions of benzoyl peroxide were made as fol- 
lows: 
At 2.25 hours, 5 parts of peroxide; 
Af 3.33 hours, 12 parts of the peroxide in 150 parts 
of toluene; 
Ai 4.6 hours, 5 parts of peroxide in 100 parts of 
toluene$ 
Af 5.67 hours, 2 parts of peroxide; 
At 6.75 hours, 2 parts of peroxide; and 
Ai 8 hours, 145 parts of toluene. 
The product was a 38.1% solution of copolymer 
in toluene in a yield of 98.1%. 
:.5 This copolymer was transferred fo a light pe- 
troleum off by mixing 56 parts of the above 38.1% 
solution with 32 parts of off and heating. Final 
stripping of solvent was done ai 140 ° C./15 mm. 
A conventionally refined Permsylvania off of a 
ç,) normal 25 ° F. pour point was treated with this 
concentrate fo impart 0.04% of copolymer there- 
fo. The pour point was reduced 25 ° F. 
Ezample 2 
« 5 A mixture was prepared from 53 parts by weight 
of allyl stearate (distilled af 162 ° C./0.9 mm. to 
172 ° C./0.2 mm.), 147 parts of didodecyl maleate, 
and 10 parts of benzoyl peroxide, which was dis- 
solved in the esters by slight warming This mix- 
70 ture was gradually run into a reaction vessel 
heated in an off bath ai 118 ° C. during the course 
of two hours. Af the end of 3 hours 4 parts of 
benzoyl peroxide was added. After 4.5 hours, the 
temperature was allowed to drop slowIy to about 
75 105 ° C. At 6.75 hours 4 parts of benzoyl peroxide 
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was added, at 6 hours 2 parts of peroxide,in 50 
parts of toluene, and at 6.67 hours 2 parts of ben- 
zoyl peroxide. At 6.8 hours 135 parts of toluene 
and at 8 hours 51 parts of toluene were added. 
The mixture was stirred throughout the process. 5 
The product was a 47.3 solution of copolymer, 
corresponding fo a 96.8% yield. A solution at 
30% copolymer in toluene had a viscosity of 63.6 
cs. ai 100 ° F. This copolymer bas high heat 
Stability and is effective in depressing the pour 10 
point of a variety of waxy oils. 
Example 3 
A mixture was prepared from 70 parts of meth- 
allyl stearate, 130 parts of didodecyl fumarate, and 15 
10 parts of benzoyl peroxide. This mixture was 
added to a reaction vessel heated to 114 ° C. over 
the course of 1.5 hours. At 2.67 hours 4 parts of 
benzoyl peroxide and 4 part« of toluene were 
added and the temperature was maintained at 2O 
108°-110 ° C. until the end of 4.5 b_ours when it 
was dropped fo 100°-105 ° C. Additions of perox« 
ide were thon ruade as ïollows: 
At 4.5 hours, 10 parts of benzoyl peroxide in 50 
parts of toluene; 
At 5.8 hours, 4 parts of benzoyl peroxide; and 
At 6.8 hours, lA parts of toluene in 20 parts of 
toluene. 
Near the end of the eight hour heating period 90 
parts of toluene was added. The product was a 
46.7% solution of copolymer. The viscosity of a 
30 % solution of copolymer in toluene was 4 cs. at 
100 ° F. 
Example 4 .35 
A mixture of 50 parts by weight of allyl palmi- 
tare, 50 parts of di-n-octyl maleate, and 5 parts 
of benzoyl peroxide was added to a reaction vessel 
during the course of about two hours. The re-,50 
action vessel was kept at 112°-120 ° C. The mix- 
ture was stirred therein and blanketed with a 
stream of nitrogen. Additios of the peroxide 
were made as follows: 
At 3 hours, 2 parts; 
At 4.5 hours, 5 parts; 
At 5.5 hours, 2 parts; and 
At 6.5 hours, 0.8 parts in 10 parts of toluene. 
At 7.5 hours, 99 parts of toluene was added and 5 
heating was discontinued at 7.7 hours. The prod- 
uct was a 45% solution fo copolymer in toluene, 
corresponding to a yield of 94%. The viscosity 
of a 30% solution of copolymer in tluene was 
26.4 cs. at 100 ° F. This is a most effective pour 
point depressant in all types of waxy ofls. 
Exampe 5 
There were mixed 20.8 parts of methaliyl stea- 
rate and 9.2 parts of diisopropyl maleate and 1.5 C0 
parts of benzoyl peroxide was dissolved therein by 
gentle warming. This mixture Was heated at 
113°-115 ° C. under a nitrogen atmosphere. Aïter 
copolYmerization had begun, small amounts of 
benzoyl peroxide were added from rime fo rime 
and when the batch began to thicken small 
amounts of toluene were added. In all 4.45 parts 
of the peroxide catalyst were added and 8.7 parts 
of toluene. The rime of copolymerization was 
eight hours. The product containcd 74.9% of co- 
polymer in a 94.% yield. 
Example 6 
(a) There were mixed 30 parts of allyl pal- 
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of benzoyl peroxide. The mixtu,,e was heated at 
111°-115 ° C. until copolymerization was well 
started and thon at 95°-105 ° c. until the end of 
an eight hour period. During the course of co- 
polymerization, there was added additional ben- 
zoyl peroxide amounting to 9.8 parts and tolu- 
ene amounting in all to 100 parts. The product 
was a 45.8 % solution of the copolymer in a yield 
of 92%. A 30% solution of this, copolymer in 
toluene had a viscosity of 5.1 cs. ai 100 ° F. 
(b) A mixture of 28 parts of allyl palmitate, 72 
Parts of dimyristyl maleate, and 5 parts of ben- 
zoyl peroxide was heated under a nitrogen atmos- 
phere at 118°-119 ° C. until copolymerization was 
well advanced and then at 95°-102 ° C. until 8.25 
hours had elapsed. Occasional additions of ben- 
zoyl peroxide amounted to 9.8 parts and 100 parts 
of toluene was added. The product was a 49.8% 
solution of copelymer, corresponding to a yield of 
95 %. A 30 % solution of the copolymer in toluene 
had a viscosity of 44.8 cs. at 100 ° F. 
Example 7 
There were mixed 65 parts of allyl palmitate, 
5 .35 parts of di-2-ethylhexyl fumarate and 5 parts 
of benzoyl peroxide. Copolymerization was 
fected by heatlng this mixture under nitrogen 
initially at 118 ° C. and thon at 95°-105 ° C. Ad- 
ditional peroxide added from rime to time 
;.0 amounted to 9.8 parts while toluene was added in 
an amount of 100 parts. The product was a 46.4 % 
solution. A 30% solution of the copolymer in tol- 
uene had a viscosity of 5.5 cs. at 100, ° F. 
Example 8 
(a) C0polymerization was effected in accord- 
ance with previo.us examptes vith allyl pa]mitate 
and dicapryl maeate in a 1:0.872 mole ratio. The 
product was a 45.6% solution of copolymer. A 
30% solution of the copolymer in toluene had a 
viscosity of 41 cs. ai 100 ° F. 
(b) A similar copolymer was made from allyl 
palmitate and di,n-octyl male'ate in a 1:0.87 mole 
ratio. Time of copolymerization was 7.6 hours 
with temperatures at the start of 115°-120 ° C. 
and ai 100°-108 ° C. after the first two hours. The 
uroduct woEs a 45.2% solution of coiolymer in a 
94% yield. A 30% solution had a viscosity of 
26.4 cs. at 100 ° F. 
Example 9 
A mixture of 66.6 parts of allyl stearate, 133.4 
parts of didodecyl chloromaleate, and 10 parts of 
benzoyl Peroxyde was heated at 121 ° C. under 
nitrogen until copolymerization was well started. 
The temperature was then gradually decreased 
fo 100 ° C. Total time of copolyrnerization was 7.5 
hours. Additional quantities of benzoyl peroxide 
were introduced from time to time in a total of 
19.6 parts. The reaction mixture was kept fluid 
by addition of 200 parts of toluene. The product 
was a 44.8% solution of copolymer in a yield of 
93.5%. A 30% solution of copolymer in toluene 
had a viscosity of 3.2 cs. at 100 ° F. 
Example 10 
A mixture of 70 parts of allyl stearate, 130 parts 
of didodecyl citraconate, and 10 parts of benzoyl 
peroxide was heated to 113°-118 ° C. until copoly- 
ï0 merization was well started and then at 98°-107 ° 
C. for, 7.6 hours. There were added 19.6 parts of 
benzoyl peroxide and 25@ parts of toluene as in 
previous preparations. The product was a 39.4% 
solution of copotymer in, a yield of 91%. A 30% 

mitaçe, 70 parts of dimyristy] maleate, and 5 parts 75 solution had u viscosity of 2.5 cs. at 100 ° F. 



260044ï' 

Use of didodecyl mesaconate for the citraconate 
leads to a product having similar properties. 
Ezrç Il 
The procedures used above ere applied fo a 
mixture of q0 parts of allyl stearate, 130 parts of 
didodecyl maleate, and 7.66 parts of tert.-butyl 
perbenzoate. Copolymerization was started with 
temperatures of 114°-120 ° C. and continued ai 
98°-103 ° C. during a period of 7.5 hours. Incre- 
ments of the peroxide amounted to 15 parts and 
250 parts of toluene were added during the co- 
polymerization. The product was a 43.5% solu- 
tion of the copolymer in a 93.6% yield. A 30% 
solution of the copolymer in toluene had a vis- 
cosity of 35 cs. ai 100 ° F. 
The pour point depressing action of the above 
and other copolymers of the type herein defined 
was observed by dissolving them in typical petro- 
leum oils and determining the pour points of 
the resulting solutions. Usually the standard 
A. S. T. M. pour test was ruade (D97-47). It was 
supplemented from rime fo rime with maximum 
pour tests and with shock chilling. The maxi- 
mure pour test is described in Proc. A. S. T. M. 45, 
appendix I, p. 245 (1945). The shock chi]lin2" 
determination is ruade by observing the samp!e 
during the initial cooling stop with the cooling 
jacket ai --60 ° F. 
As test oils there were used three different ofls. 
Off I was a 150 Pennsylvania neutral having a 
pour point of ÷25 ° F. and a viscosity index of 
106.9. Off II was an S. A. E. 90 gear off com- 
pounded from 30 parts of a 180 Pennsylvania 
neutraI and 70 parts of a 150 Pennsy]vania bright 
stock. If had a pour point of ÷25 ° F. A third off 
used (off III) was a 5.00 Mid-Continent solvent- 
extracted neutral, S. A. E. 30, having a pour point 
of 25 ° F. This was known to be an off which was 
not readily changed as to its pour point. The 
response of these oils to various copolymers of 
this invention is summarized below. 
A copolymer from allyl palmitate and di-n- 
propyl maleate in a 1:0.8 mole ratio, giving a 
viscosity of 5.2 cs. af 100 ° F. fo a 30% solution in 
toluene, was dissolved in off I. At 0.5 % it gave 
a pour point of --15 ° F. and at 0.25% --5 ° F. In 
oil III ai 0.5% if gave a pour point by shock chill- 
ing of --10 ° F. In oil Il ai 0.04% it gave a pour 
point of 20 ° F. 
A copolymer from allyl p, almitate and di-n- 
propyl maleate in a 1:0.5 ratio gave pour points 
of 0 ° F. at 0.5% ant 0.25% in off I and ai 0.5% 
in off III of --10 ° F. by shock chflling. 
A copolymer from the same esters but in a 
1:0.25 mole ratio gave a pour point ai 0.5% in 
off I of 5 ° F. 
Copolymers were ruade with al]yl pahnitate and 
dibutyl maleate in ratios of 1:1.1, 1:0.75, and 
1:0.43. At 0.5% in off I pour points of --10 ° F., 
--20 ° 1%, and --10 ° F. respectively were round. 
The 1:1.1 copolymer fell off rapidly in effective- 
ness as concentration in off was decreased. The 
other two copolymers persisted in their pour de- 
pressing action at 0.1%. 
A copolymer from allyl palmitate and diisobutyl 
maleate in a 1:0.75 mole ratio af 0.5% and 0.25% 
in off I gave pour points of --20 ° F. In off III at 
0.5% the pour point round by shock chilling was 
--20 ° F. A copolymer in a mole ration of 1:3 was 
ineffective, the pour point ai 0.5 % in off I being 
÷30° F. 
A copolymer from allyI palmitate and dicapryl 
maleate in a 1:0.9 mole ratio, a 30% solution of 
th copolymer in toluene having a viscosity of 
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41 cs. ai 100 ° F., was tested in off I. Ai 0.5% 
gave a Peur Peint of --30 ° F. and in off III 
gave a pour point by shock chilling of --5 ° F. 
A similar copolymer from a]/yl palmitate and 
5 di-2-ethylhexyl fumarate in a 1:1 ratio gave a 
pour point of --30 ° F. at.0.5% in oilI. 
A copolymer from allyI pa]mitate and di-n- 
octyl maleate, in a mole ratio of 1:0.9, a 30% 
solution thereof in toluene having a viscosity of 
lO 26.4 cs. at 100 ° F., gave a pour point of --35 ° F. 
in offIat0.5% and of --20 °F.at0.25%. In off 
III af 0.5% it gave a pour point of --10 ° F. by 
shock chilling. 
A copolymer of allyl palmitate and dimyristyl 
15 maleate in a mole ration of 1:1.5, a 30% solution 
thereof in toluene having a viscosity of 44.8 cs. ai 
100 ° t., gave pour points of --10 ° F. at 0.5% and 
0.25%. In off III at 0.5% if gave a pour point 
of 5 ° F. by shock chilling. 
20 A copolymer from allyl sçearate and di-n-octyl 
maleate in a ratio of 1:1 gave pour points of --20 ° 
F. at 0.5% and 0.25% in off I. A copolymer from 
these saine monomers but in a 1:0.2 mole ratio 
gave a pour point of 5 ° F. at 0.5% and was ineffec- 
25 tive af 0.25%. A copo]ymer from these mono- 
mers at a 1:4 mole ratio gave a pour point of 30 ° 
F. at 0.5% in off ][. A copolymer at 1:1.5 gave a 
pour point of 0 ° F. at 0.5% in off I, but lost effec- 
tiveness with much lower concentrations. Thus, 
30 the mole ratios of allyI ester fo octyl ester lie 
between the values 1:0.25 and 1:1.5. 
A copolymer from allyl stearate and didodecyl 
,maleate Lu a 1:2 mole ratio, a 30% solution there- 
of in toluene having a viscosity of 64 cs. ai 100 ° 
35 at 0.5% in off I gave a pour point of --30 ° F., ai 
0.1% of --25 ° F. and at 0..04% of --15 ° F. In 
off Il af 0.1% if depressed the pour point to 5 ° 
F. In off III ai 0.5% it gave a pour point by the 
maximum pour method of --10 ° F. 
40 A copo]ymer of a]lyl stearate and didodecyl 
maleate in a ratio of 1:1.44 gave pour points in 
off I of --25 ° F. at 0.5% and 0.25% and --20 ° F. 
at 0.1% and 0.04%. In'oil II at 0.1% the pour 
point was --10 ° F. In off III ai 0.5% the pour 
45 point was --5 ° F. by the maximum pour method. 
Essentially the saine pour points were observed 
with copolymers frein the saine monomers in a 
1:1.33 mole ratio catalyzed with benzoyl perox- 
ide, tert.-butyl perbenzoate, and lauroyl peroxide 
50 respectively. One of the copolymers with a 1:1.33 
mole ratio, a 30 % toluene solution of which gave 
a viscosity of 64.9 cs. ai 100 ° F., was dissolved at 
0.5% and 2% in off I and the viscosities of these 
solutions determined ai 1.00 ° F. and 210 ° F. and 
55 therefrom the viscosity index was calculated. 
The off itself had a viscosity index of 106.9. The 
0.5% solution had an index of 109.2, while the 
2% solution had an index of 120.3. 
A 0.5% solution of polyallyI stearate in off I 
60 had a pour point of 30 ° F. A 0.5% solution of a 
polymer of didodecy] maleate was likewise 30 ° F. 
A mechanical mixture of the two individual poly- 
mers were ruade in a 1:1.33 mole ratio. Ai 0.5% 
of the mixture in off a pour point of 20 ° F. was 
65 round. 
A copolymer was prepared from allyl stearate 
and didodecyl monochloromaleate in a 1:1.33 mole 
ratio. Ifs 30% solution in teluene had a vis- 
cosit of 3.2 cs. ai 100 ° F. Ai 0.5% in off I it 
70 depressed the pour point fo --40 ° F. In off III 
ai 0.5% if gave a pour point by shock chflling of 
--10 ° F. 
A copolymer prepared from allyl tetracosanate 
and didodecyl maleate in a 1:1.5 mole ratio gave 
75 pour points af 0.5% in off I and off III of ° F. 
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A copolymer from methallyl stearate and di- 
isopropyl maleate in a 1:0.75 mole ratio depressed 
the pour point of offI ai 0.5% fo 10 ° F. Aco- 
polymer from methallyl stearate and di-n-hexyl 
maleate ai 1:0.25 mole ratio depressed the pour 
point of off I fo 0 ° F. when present ai 0.5% and 
fo --5 ° F. when present ai 0.25%. 
A copolymer from allyl palmitate and di-2- 
ethylhexyl fumarate in a 1:0.5 mole ratio de- 
pressed the pour point of off I to --25 ° F. when 
used at 0.5%. At 0.1% in off I the depressed 
pour point was --10 ° F. In off III ai 0.5% the 
pour point was --15 ° F. by shock chilling. In off 
II the pour point was 5 ° F. ai 0.1%. 
A copolymer from allyl stearate and di-n-butyl 
fumarate in a 1:0.75 mole ratio was effective in 
reducing the pour point of off I to --20 ° F. ai 
0.5% and 0.25%. In off III ai .0.5% if gave a 
pour point of --5 ° F. 
A copolymer from allyl stearate and didodecyl 
fumarate in a 1:1.33 mole ratio gave aç 0.5% in 
off I a pour point of --.20 ° F., at 0.1% --15 ° F., and 
ai 0.04% --10 ° F. 
A copolymer from allyl tetracosanate and dido- 
decyl fumarate in a mole ratio of 1:1.5 gave a 
pour point of 0 ° F. ai 0.1% and 0.04% in oil I. 
A copolymer from methallyl stearate and 
dodecyl fuma'ate gave pour points of --20 ° F. ai 
0.5%, 0.25%, and 0.1% in off I and --20 ° F. ai 
0.5% in off III by shock chilling. 
A copolymer from allyl palmitate and di-n- 
butyl citraconate in a 1:0.5 mole ratio gave a 
pour point of --10 ° .. at 0.5% in oil I. A co- 
polymer from the same rnonomers, but in a 1:1.1 
mole ratio, gave a pour point of 15 ° F. ai 0.5% 
in off I. 
/ copolymer of allyl stearate and didodecyl 
citraconate in a 1:1.3 mole ratio gave a pour point 
oî --35 ° F. in off I ai 0.5% and of --20 ° F. in off 
I ai 0.25%. OEn off III ai 0.5% if depressed the 
pour point to --20 ° F. under shock chilling. 
The percentage of copolymer which may be 
dissolved in a hydrocarbon liquid having a waxy 
pour point is an amount suflicient fo depress the 
pour point thereof and varies from about 0.01% 
fo 5% by weight of the composition. The per- 
centage chosen wfll depend upon the particular 
copolymer, the nature of the hydrocarbon fluid, 
and the end or ends tobe accomplished. When 
viscosity is fo be increased, copolymers of high 
molecular weight and/or increased amounts of 
copolymer will be desired. The apparent mole- 
cular weights of these copolymers can be varied 
from about 1,000 fo 50,000. 
The copolymers are stable under the usual con- 
alliions encountered with hydrocarbon liquids. 
They are useful in lubricating oils and also in 
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other fluids, such as fuel oils and diesel fuels and 
do hot interfere with the normal functioning of 
such liquids. Furtherfore, they are compatible 
with other additives, such as antioxidants, wear- 
5 resisting agents, detergents and the like. 
We claire: 
1. An off-soluble copolymer from (A) an ester 
of an alkanoic acid having a chain of sixteen fo 
twenty-four carbon atoms and an alcohol select- 
io ed from the class consistLng of allyl and methallyl 
alcohols and (B) an ester of a saturated aliphatic 
monohydric alcohol of three to fourteen carbon 
atoms and a dibasic acid of the formula 
15 HOOCCH=C (R 0) COOH 
wherein R 0 is a member of the class consisting of 
hydrogen, chlorine, and the methyl group, the 
mole ratio of the ester group (A) fo the ester 
group (B) being 1: 0.25 fo 1 :n, where n bas a value 
20 of one when the alcohol group bas three carbon 
atoms and increases with the size of such group 
up fo two when the alcohol group bas fourteen 
carbon atoms. 
2. An off-soluble copolymer from allyl stearate 
25 and di-n-octyl maleate, the mole ratio of stearate 
groups fo maleate groups being between 1:0.25 
and 1 : 1.5. 
3. An off-soluble copolymer from allyl pal- 
nfitate and didodecyl maleate, the mole ratio of 
30 stearate groups fo maleate groups being between 
1 : 0.25 and about 1: 2. 
4. An off-soluble copolymer from methallyl 
stearate and didodecyl fumarate, the mole ratio 
of stearate groups fo fumarate groups being 
35 tween 1:0.25 and about 1:2. 
WLLIAlYl L. VAN HORNE. 
LA VERNE N. BAUEI%. 
HARPY T. NEIHEI. 
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